The accuracy of Turkish CPI as a price deflator is questionable especially when it comes to calculating real minimum wages. In this study we investigate the effect of different price indices on the relation between real GDP growth rates and real minimum wage growth rates by using a Granger causality analysis framework using VAR based granger causality tests. Result reveals that there is no causality between real minimu wage growth rates and real GDP growth rates in both directions. We also find a biderectional Granger causality between nominal minimum wage growth rates and COLI (an alternative price indice) growth rates. The results also showed that in line with our assumptions when an alternative deflator is used, the causality relations significantly differes.
Introduction
Minimum wages are important not only because their current or future expected values have impact on equilibrium market employment rates, price (nominal wage) inflation rates or growth rates. In a country like Turkey, minimum wage earners represent 41% of formal sector employees according to Turkish Social Security Agency statistics (2012) . Moreover when employees who have earnings very close to minimum wage rates (within the range of maximum 10% more of minimum wages) are taken into account this ratio increases to 58%. This roughly means that, more than 50% of the formal sector workers live on minimum wages as the numbers reveal. In our previous study (Sunal and Sezgin Alp, 2015) using Granger causality framework we found a oneway causality from real GDP growth rates to real minimum wage growth rates. Nevertheless the calculations made and the results obtained heavily depend on the deflator selected. In our previous study we used TUIK's (Turkish National Statistics Agency) price deflators to calculate real minimum wages. Therefore we assume that if other deflators were to be used the outcomes might have been significantly different. Besides we also assume that TUIK's deflators are underestimating the true change in price levels as a result of basket selection and item weighing. In that manner it can be observed that the accuracy of price deflators has long been debated internationally after The Stigler Committee Report (1961) and The Boskin Report (1996) . In line with these debates in many studies (Costa, 2000; Hamilton, 1998; Barrett and Brzozowski, 2010; Beatty and Larsen, 2005) the official CPIs were found to be overestimating the true change in prices. Nevertheless in some other studies (Murphy and Garvey, 2004; Murphy and Garvey, 2005; Heineke, 1979; Moosa, 1997) it has been revealed that the official CPIs were an underestimate of the real change in price levels.
In that respect the accuracy of Turkish CPI constructed by TUIK (Turkish National Statistics Agency) as a measure of change in the cost of living especially for minimum wage earners seems questionable. The main reason is that TUIK constructs the CPI basket and determines the weight of items in this basket by taking a representative household into account. As declared by TUIK, CPI basket is constructed so as to represent all the individuals in Turkey. Therefore the representative household or the individual is merely a weighted average of the rich and the poor households. Though according to Engel's law households are considered to be equally well-off if their food expenditure/budget ratios are equal to each other. In other words as income falls the share of expenditure devoted to food rises. Therefore COLI calculated by Istanbul Chamber of Commerce (ITO) seems an important alternative to CPI. Although the same representative household approach is taken into account the share of food and housing expenditures are substantially higher in COLI basket.
We assume that the use of such a different price index (ITO's Cost of Living Index) might have some important implications. When the change in real GDPs (155%) and real minimum wages (%167) during 1988-2012 period are calculated and compared by using CPI (1994=100) deflators a one way causality (Turkish GDPs → Turkish Real Minimum Wages) was observed in our previous study (Sunal and Sezgin Alp, 2015) . In fact when CPI is used as a price deflator the overall rise in real minimum wages is even higher than the overall rise in real GDP levels during 1988-2012 period and moreover GDP growths cause real minimum wage growths. Nevertheless contrasting with this finding if real minimum wages were to be deflated by ITO's COLI the overall rise in real minimum wage rates (76%) is not even half of the overall rise in real GDP growth rates (%155) for the same period. Therefore the main objective of this study is to determine whether real GDPs still granger cause real wages if real wages were to be calculated by using COLI deflators. This objective is important as the outlined relationship above seems to create a legitimate ground for the governments to justify their minimum wage determination policy when the official TUIK CPIs are used. In fact in the presence of a different price index if the outcomes will be different (no causality and a lower minimum wage growth rate) then the minimum wage determination policy and the process might somehow be altered. Also another important fact is that when the current real minimum wage rate is taken as a steady state level only the inflationary concerns and expectations shape the nominal minimum wage rate determination process which is practically controlled by the government although the workers are represented by the biggest labor union confederation during the process where a collective bargaining procedure is used as a tool for progression. Moreover, we also aim to reveal the relationship between nominal minimum wage rate growths and COLI growth rates (COLI price inflation rates). Hence a two way Granger causality between these variables would indicate that the minimum wage determination process is inflation driven rather than welfare oriented.
We also aim to contribute to the relevant international and national literature in a few ways. It can be observed that the relationship between minimum wages and employment has been investigated in numerous studies (Stigler, 1946; Deere, Murphy, and Welch 1995; Prasch, 1996; Dickens, Machin and Manning, 1999; Rama, 2001; Irmen and Wigger, 2002; Neumark and Wascher, 2006; Kaufman, 2010) when international literature is reviewed. In these studies regardless of the sign of the effect -whether minimum wages have a positive or a negative effect on employment or growth rates-the direction of the relationship investigated has always been from minimum wages to employment or growth rates. In other words the effects of economic growth on minimum wages were not principally studied as the employment effects of minimum wages were considered to be at the center of the debate. Also the minimum wage earners consist of only a small minority of the employed in highly industrialized western economies. Therefore the effect of economic growth on minimum wages might not be considered as a primary issue. Although for a country like Turkey the relationship is very important as 41% of employed are receiving minimum wages. Moreover these minimum wage earners claim to have a fair share from the rises in national income growths. As a result we also would like to make a contribution to the relevant field by emphasizing the effect of economic growth on real minimum wages. Consistent with our expectations, Table 1 reveals that inflation rates calculated by COLI and CPI largely differ from each other. When the period in this study is taken into consideration the prices rose 8922 and 5907 times respectively with COLI and CPI indexes. Turkey has experienced very high levels of chronic inflation rates for a very long period. Moreover the aggregate effect in the last 25 year period is so high that it can only be stated with numbers in thousands. And as a matter of fact even the difference in between the change in general price levels in between COLI and CPI is 0.338 fold during the 1988-2012 period. In other words the CPI underestimates the rise in prices by 33.8% when compared to COLI during 1988-2012. This number might lead to an important misperception as it sounds small though the effect it creates when calculating real wages are enormous.
Data
During 1988-2012 period when real wages are calculated by COLI deflators, real wages rose by 76.9%. Alternatively when real wages are calculated by CPI deflators, real wages rose by 167.2%. The purchasing power or the welfare of minimum wage earners not even doubles (the rise is only 0.76 fold) when determined by COLI and not surprisingly it nearly triples (the rise is 1.67 fold) when determined by CPI during the same period. As presented in Table 2 , Food and Housing Expenditures consist of 63.21% of consumer basket in COLI and 46.15% of consumer basket in CPI. There is a very high significant difference in between these two price index series when it comes to weighing food and housing expenditures. Yet alone the difference in between the weights assigned to only food expenditures is 12.75% (42.49% and 29.74%). Hence as a result the annual inflation rates differ from each other as can be seen from Table 1 . Also consistent with our expectations when a basket with a higher food expenditure ratio is used CPI tends to underestimate the rises in cost of living conditions by 33.8%.
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Methodology
In this paper, we used causality analysis proposed by Granger (1969) to investigate the relationships between real GDP growth rates and real minimum wage growth rates and between COLI growth rates and nominal minimum wage growth rates. In Granger causality framework the definition of the relation is based on the stationarity hypothesis of the series. Therefore stationarity tests are the first step analysis of Granger causality framework. In relevant literature there are different types of stationarity tests also known as unit root tests. In this study, Augmented Dickey Fuller (ADF) test, a unit root test which is introduced by Dickey and Fuller (1979) is used. In general if the series are stationary after determining the optimal lag lengths, VAR model based Granger causality tests might be conducted. Conversely, if the series are non-stationary the second step involves cointegration analysis which displays the long run co-movement of variables. In this study, a Vector Autoregressive (VAR) based co-integration test introduced by Johansen and Jeselius (1990) is used. This test is also known as Johansen and Jeselius co-integration test. As it is well known VAR model includes lagged terms of all variables and moreover lag length plays a crucial role for correct modeling. In addition, Johansen and Jeselius co-integration test is sensitive to lag lengths. The determination of the optimal leg lengths requires the use of different information criteria. The further step involves the application of the co-integration tests. If no co-integration relations are observed then Granger causality tests can be applied directly. However, if there is co-integration; Vector Error Correction Model (VECM) will be more appropriate to use as VECM not only includes the lagged terms of the variables but also includes the first differences of the variables in separate equations. VECM shows both short-run and long-run relationships at the same time. Finally VECM based Granger Causality Tests might be conducted to find out both the presence and the direction of the causality relationships in between relevant series or variables. This explained methodological procedure was used step by step in this paper to investigate the relationships in between the relevant variables discussed earlier.
ADF Unit Root Test
As mentioned above, the first step in Granger causality analysis is the verification of the stationarity of the time series used in the study. In time series modelling, stationarity is a very important concept as this is an essential condition for both obtaining valid inferences and for determining the orders of integration for co-integration analysis.
In ADF approach to test the stationary of time series variable x the following regression equation is used,
In equation 1,  is the difference operator, 0  is the constant and t is the trend term. If the estimated coefficient  is equal to zero, the equation is said to be in the form of first differences I(1) and contains a unit root. If the calculated ADF statistic is higher than McKinnon's critical value then the null hypothesis cannot be rejected and it may be concluded that the considered variable is non-stationary.
Johansen-Jeselius co-ıntegration test
When time series are non-stationary the second step of causality analysis involves co-integration analysis. Cointegration analysis is needed to identify the long-run relationships between two or more variables and to overcome the risk of obtaining invalid inferences. A set of variables are defined as co-integrated if a linear combination of them is stationary after the series are differenced.
Johansen-Jeselius co-integration test is a Vector Autoregressive (VAR) based co-integration test. The separate equations of each variable in VAR include the lagged terms of all variables. For a k variable VAR model with p-lags, the specification is: The transformation of equation 2 into a VECM model as below is needed if Johansen and Jeselius co-integration test is going to be used:
...
Here, 
The second one is the Maximum Eigen Value test statistic.
Where, r is the number of co integrated vectors ranges from 0 to n-1, ˆi  is the estimated value for i th ordered
Eigen value of  matrix and T is the number of usable observations.
The trace test is equal to the maximum likelihood ratio test for r co-integrated vectors against the alternative n vectors. It is a joint test where the null hypothesis is that the number of co -integrated vectors are less than or equal to r.
The maximum eigenvalue test is based on the null hypothesis that the number of co-integrating vectors is r against the alternative of r+1 vectors. It is conducted as separate tests on Eigen values.
Granger causality test
Granger causality test is developed by Granger (1969) 4.0 Results and discussıon
As explained above initally the stationarity of the series were investigated by using ADF tests. Table 3 and 4 shows the ADF test results for all of the variables including the intercept, intercept and trend and none of the components. It can be seen that the null hypothesis that the series are non-stationary was rejected for real GDP growth rate series and real minimum wage growth rate series. However it can be concluded that both COLI growth rates and nominal minimum wage growth rate series were non-stationary at 5% significance levels.
As COLI growth rate series and nominal minimum wage growth rate series were found to be non-stationary, as a conventional next step the stationarity of these series on their first difference levels were examined. Therefore, ADF test was applied to COLI growth rate and nominal minimum wage growth rate series on their first difference levels. Table 5 shows the ADF stationary test results for COLI growth rate and nominal minimum wage growth rate variables on their first differences. The results showed that these series were stationary at their first difference levels. Then it was concluded that these series' integrating order was 1. These results indicated cointegration between these variables and therefore co-integration order of the model should be selected as 1.
As real minimum wage growth rate series and real GDP growth rate series were stationary on their own levels VAR model based causality tests were conducted after determining the optimal lag lenghts. The information criteria results for the optimal lag lengths to analyze the relationships between real GDP growth rates and real minimum wage growth rates are given in Table 6 . As seen from Table 6 the optimal lag length for this model was one. As the optimal lag lenght of the real minimum wage growth rate and real GDP growth rate series model was calculated as one VAR based Granger causality tests were conducted. Table 7 shows Granger causality relations between real GDP growth rates and real minimum wage growth rates. It can be seen from Table 7 that neither variable granger caused the other one. In other words there was not a significant causal relationship between real GDP growth rate series and real minimum wage growth rate series in both directions. Nominanl minimum wage growth rate and COLI growth rate series were found to be stationary on their first differences. Prior to Johansen and Jeselius co-integration tests, optimal lag lenghts were determined. The information criteria results for optimal lag lengths to analyze the relationship between COLI growth rates and nominal minimum wage growth rates are given in Table 8 . As seen from Table 8 the optimal lag length for this model was five according to four information criteria. After determining the optimal lag lengths and orders of co-integration, Johansen and Jeselius co-integration tests can be applied. Table 9 shows the results of the co-integration tests for the models respectively. It can be seen that for each model there was a long-run relationship in between variables. The tables also reveal that there were two co-integration equations for our models. VECM based Granger causality relationships between COLI growth rates and nominal minimum wage growth rates were calculated in the last step. It can be concluded from Table 10 that a two way causality was present in between COLI growth rates and nominal minimum wage growth rates.
Conclusion and policy implication
The evaluation of the changes in real minimum wages and hence the relationship between real minimum wage growth rates and real GDP growth rates depend on the type of price deflator selected. In this study we assumed that the Turkish CPI (1994=100) underestimates the changes in the cost of living conditions of the minimum wage earners during 1988-2012 period. Moreover our hypothesis was that if minimum wages were to be deflated by using a different price index -Istanbul Chamber of Commerce's cost of living index (COLI) where the assigned weights of food and housing are higher-rather than the CPI (1994=100) the granger causality outcomes we observed in our earlier study (Sunal and Sezgin Alp, 2015) would have been significantly different. The findings obtained from our analysis were consistent with our expectations. No causality between real minimum wage growth rates and real GDP growth rates (in both directions) were observed in this study. In our previous paper a one way causality (Turkish GDPs → Turkish Real Minimum Wages) was prevalent when real minimum wages were deflated by using CPI (1994=100). Besides bidirectional causality between nominal minimum wage growth rates and COLI inflation rates were observed in this study.
In a similar way in line with our expectations official Turkish CPI in this study was found to underestimate the changes in price levels by 33.8% when compared to a different price index COLI (1968=199) constructed by Istanbul Chamber of Commerce where food expenditures have a substantially higher (+12,75%) weight. Therefore when real minimum wages are calculated by using COLI deflators the rise in real wages between 1988-2012 period is 76%. Though the same ratio is 167% when official CPI deflators are used. Also Yükseler (2014) revealed in his study by using TUİK's and Eurostat's data that the lowest 20% income group spent 34.1% on food in 2013 while the share of food in CPI (2013) was 29.16%. Also the housing expenditures of the same income group were 33.3% and the share of housing expenditures in CPI (2013) was 16.68%. Also between 2005-2013 period the cumulative rise in general prices according to CPI was 0.88 fold while the rises in food and housing were way higher than that respectively 1.05 fold and 1.19 fold. Therefore there is a strong evidence that The Turkish CPI underestimates especially the cost of living for low income households in Turkey.
We believe that these findings might have some very important policy implications. The miscalculation of changes in prices either as an underestimation or an overestimation of the real cost of living changes poses a major threat for the economy as a whole. Likewise in this manner the accuracy of the calculations have long been argued internationaly as well. In our case when calculated by using COLI deflators the rise in real minimum wage rates are slightly higher than a third of the rise in real GDP growth rates during 1988-2012 period. Moreover no Granger causality is present. In that respect asserting that the minimum wage earners took their fair shares from national income growths seems highly doubtful since the determination of minimum wage levels has been a source of debate for a long time in Turkey.
The employers are concerned with higher operational costs in an era of tight competition conditions both domestically and internationally. The governments feel responsible for controlling fast rising highly volatile general price levels as it poses a major threat for the economy as a whole. And on the other hand the welfare and the purchasing power of millions of families in Turkey (41% of formal workers were receiving minimum wages as of year 2012) depend on minimum wages. Under these tight constraints minimum wage rates are being determined every year. The more important issue is that the minimum wages represent the welfare of more than half of the workforce in Turkey. As of year 2014 according to TÜRK-İŞ (The largest Trade Union Confederation in Turkey) the minimum wages were 77% below the poverty line for a typical 4 member household. Moreover at least 4 household members had to be working and bringing minimum wages to the household so as to surpass the poverty threshold in Turkey by year 2014. Therfore, the non-causality and the underestimation findings of this study might have a crucial role in the correction of the negative minimum wage bias. As an important suggestion for the policy makers first of all at least a price index which will reveal the true change in the cost of living of minimum wage dependent households might be used. More specifically an index should be constructed where the CPI basket items and their weights will be determined from the data that will be gathered only from the expenditures of minimum wage dependent households. Moreover rather than an inflation oriented minimum wage determination a welfare driven process might be implemented. Therefore as an alternative policy suggestion a better price deflator should be constructed and the rises in real national income growths and productivity growths should also be reflected directly when determining minimum wages to provide a just and a better distribution.
